Abstract | DNA methylation patterns are set up early in mammalian development and are then copied during the division of somatic cells. A long-established model for the maintenance of these patterns explains some, but not all, of the data that are now available. We propose a new model that suggests that the maintenance of DNA methylation relies not only on the recognition of hemimethylated DNA by DNA methyltransferase 1 (DNMT1) but also on the localization of the DNMT3A and DNMT3B enzymes to specific chromatin regions that contain methylated DNA.
The methylation of cytosine residues in the CpG dinucleotide in animals (and in other contexts in plants) has profound effects on gene expression and is essential for mammalian development. The distribution of CpG dinucleotides is asymmetrical in the human genome, which features CpG-rich and CpG-poor regions, and these dinucleotides are the only ones that occur less frequently than expected in DNA. Not all CpG sites are methylated, and DNA methylation patterns are tissue specific. DNA methylation is involved in several key physiological processes, including X chromosome inactivation, imprinting and the silencing of germlinespecific genes and repetitive elements. Patterns of methylation are perturbed in important human diseases, such as imprinting disorders and cancer, so understanding how these patterns are set up and maintained is of great importance. It is generally thought that patterns are established during embryonic development and are then faithfully inherited in somatic cells by a 'maintenance' mechanism 1, 2 . DNA methylation is unique among epigenetic marks, such as histone modifications, in that the known biochemistry of the process can be used to partially explain somatic inheritance of epigenetic states. The mechanisms by which DNA methylation patterns could be inherited through generations of somatic cells were first suggested more than 30 years ago in two seminal papers published by Riggs 3 and Holliday and Pugh 4 . The main hypotheses that were proposed in those papers were: that DNA methylation can alter gene expression profiles by influencing the binding affinities of transcription factors or other proteins to DNA; that patterns of DNA methylation exist; and that these patterns vary in different cell types. The key to somatic inheritance was proposed to be the existence of enzymes that preferentially catalyse the methylation of hemimethylated DNA that is generated during DNA replication. That is, when a methylated CpG dinucleotide is replicated, the C on the nascent strand is initially unmethylated, and such enzymes were propsed to replicate the parental pattern of methylation. This prediction led to the idea of 'maintenance DNA methyltransferases' (maintenance DNMTs) that could ensure somatic inheritance by copying patterns that were established in the early embryo by 'de novo DNMTs' or so-called 'switch enzymes' (Ref. 4) .
This suggestion that eukaryotes might have two classes of DNMTs (maintenance and de novo DNMTs) implied that DNA methylation in eukaryotes is different to that in prokaryotes; prokaryotes have only one DNMT per strain when they contain modified bases in their DNA. Fewer sites (cytosines or adenines) are modified in prokaryotes because the sequence that is recognized as a substrate for methylation is generally more complex; it often involves a palindrome containing four or more nucleotides and therefore occurs less frequently than the CpG used in eukaryotes. Also, prokaryotes do not have patterns of methylated and unmethylated sites because all of the recognition sequences are modified on both strands of the palindrome. Prokaryotes can maintain DNA methylation because their DNMTs are equally effective on unmethylated and hemimethylated DNA 5 . As a result, the daughter strand is rapidly methylated after DNA synthesis. The key difference between eukaryotes and prokaryotes was therefore suggested to be a DNMT with a preference for hemimethylated DNA.
Although the model of a maintenance DNMT reproducing the pattern of methylation after each round of replication (which will be described in more detail later) has served us well for many years, experimental observations have been accumulating that do not fit with this simple model. For example, mouse embryonic stem (ES) cells that contain the maintenance enzyme DNMT1 as the sole DNMT show virtually no methylation of imprinted genes and repeats, and they gradually lose the methylation of other sequences with increasing numbers of divisions [6] [7] [8] . Although ES cells might not be an ideal model for studying methylation, it seems timely to reassess the data on the mechanism of DNA methylation inheritance. Here, we identify areas in which current data do not fit with the established model and propose a revised model. The focus of this discussion is mammalian DNA methylation; plants have more complicated systems to ensure the stability of methylation patterns.
Evidence for the established model Much experimental evidence has accumulated to support the original proposals 3, 4 for the existence of de novo and maintenance DNMTs. The two so-called de novo DNMTs, DNMT3A and DNMT3B, were cloned by Okano et al. 8 and are thought to be responsible for establishing the pattern of methylation in embryonic development (fIG. 1) . o p i n i o n Nature Reviews | Genetics 4 , as exemplified in several recent reviews 1, 2 . The basis of this model is that DNA methylation patterns are established in germ cells and in developing embryos by the activity of the de novo DNA methyltransferases (DNMTs) DNMT3A and DNMT3B. subsequently, methylation patterns (the black circles represent methylated cpG sites and the grey circles represent unmethylated cpG sites) are inherited after DNA replication primarily owing to the activity of DNMT1, which has a preference for hemimethylated sites that are generated through DNA synthesis (the daughter strand is shown in green). The concept is that the enzyme is copying a pattern that is present on naked DNA. The model seems adequate in principle; however, its failure to incorporate a correction mechanism or the constraints of chromatin structure suggests that additional factors are involved in copying DNA methylation patterns in mammalian cells.
Just like prokaryotic DNMTs, these enzymes show equal activities on hemiand unmethylated DNA. They are highly expressed in ES cells and downregulated in differentiated cells. This is consistent with the need for them to set up methylation patterns in early development and with the assumption that they are then dispensable. However, even though they are downregulated, they are still expressed in somatic cells. The exception is the DNMT3A2 isoform, which can be silenced in somatic cells by de novo methylation of its own promoter (P.A.J. and G.l., unpublished observations). DNMT3A and DNMT3B are both needed for the embryonic or neonatal viability of mice, and mutations in DNMT3B are responsible for the rare human disease ICf syndrome 9, 10 . The postulated maintenance enzyme DNMT1 was cloned by Bestor et al. 11 and shows a marked preference for hemimethylated DNA 12, 13 , although it also has de novo DNMT activity 14 . DNMT1 has domains that can interact with the DNA polymerase processing factor proliferating cell nuclear antigen (PCNA) 15 , which could ensure its localization to the replication fork. It is also possible that ubiquitin-like plant homeodomain and RING finger domain-containing protein 1 (uHRF1; also known as NP95) [16] [17] [18] [19] [20] could fulfil a similar function (which is discussed below). DNMT1 is transcribed mostly during the S phase of the cell cycle 21 , when it is most needed to methylate newly generated hemimethylated sites. Knockout experiments have shown that this enzyme is responsible for the bulk of methylation in mouse cells, and it is essential for embryonic development 22 . Interestingly, however, the enzyme is dispensable for the growth of ES cells, although differentiated cells immediately die through a p53-associated process in DNMT1 knockouts 21 . DNMT1 also seems to be essential for the viability of cancer cells, as complete knock out of the enzyme results in HCT116 cell death 23 . The biochemical and genetic evidence therefore favours the hypotheses that the de novo enzymes establish methylation patterns, that DNMT1 is mostly responsible for copying the patterns and that the two types of enzymes essentially have non-overlapping functions. Recent excellent reviews 1, 2 have once again emphasized this division of function between the two enzyme types in establishing and maintaining DNA methylation patterns.
problems with the established model Proofreading. Although the bulk of the evidence is consistent with the original hypotheses regarding the establishment and maintenance of eukaryotic DNA methylation patterns, there are several key areas in which the facts do not fit or in which questions remain. Foremost among these is that the hypotheses do not include a component for error correction. All replicating systems, such as DNA synthesis, need a proofreading mechanism to ensure that the fidelity of patterns is maintained. Therefore, it is unlikely that a pattern that is established early in development could be maintained simply by copying without a mechanism to ensure that methylated sites remain methylated and unmethylated sites remain unmethylated. It is doubtful that the genome can be kept methylated by the DNMT1 enzyme alone.
Levels of hemimethylation.
The established model predicts that hemimethylated sites should be found in low abundance because the majority of them would be immediately converted into sites that are methylated on both DNA strands after replication. Classic experiments by Bird 24 showed that the number of hemimethylated sites was indeed small, therefore providing the first experimental evidence for the establishment and maintenance model. However, using more sensitive approaches, we found hemimethylation in a measurable proportion of CpG sites in single-copy sequences and higher levels of hemimethylation in repeat sequences 7 . Indeed, if the two de novo enzymes (DNMT3A and DNMT3B) are knocked out, up to 30% of the CpG sites in mouse repeats are hemimethylated, which suggests that both DNMT3 enzymes might help to keep these sites fully methylated. Furthermore, as mentioned earlier, DNMT1 alone cannot maintain methylation, and a gradual loss of methylation occurs with division in ES cells that lack DNMT3A and DNMT3B 6, 7 . The observations strongly suggest that ongoing methylation by the de novo enzymes is required, otherwise these sequences would eventually lose their methylation as cells divide.
Methylation fidelity. As a given CpG site can be either methylated or unmethylated, it might be expected that methylation levels would be 0% or 100% for a given allele, or 50% if one allele was methylated and the other was not. However, the quantification of methylation levels for specific CpG sites, which measures the average of all the DNA molecules in a tissue, seldom gives such clear-cut values. Instead, the stable inheritance of average methylation levels is found for specific sites in mouse tissues and cell lines 25 . These results, and the findings of Pfeifer et al. 26 , led Riggs and Xiong 27 to suggest that the average state is maintained by a stochastic process that requires ongoing de novo methylation. The data exclude the possibility that the heterogeneity is caused by the faithful copying of a series of heterogeneous patterns that were set up in development. Studies with hairpin-bisulphite PCR to measure methylation in dividing human lymphocytes have clearly shown ongoing de novo methylation and molecule-to-molecule variation in patterns 28 .
CpG islands. The presence of CpG islands in mammalian DNA also raises several questions with regards to the maintenance of methylation status. Although CpG islands make up less than 1% of the total genomic DNA, they have received a great deal of attention because of their preferential localization to the start sites of >50% of human genes. In somatic cells, most CpG islands remain unmethylated independently of the state of gene expression, with the exception of genes on the inactive X chromosome, germ cell-specific genes and a minority of other genes 29 .
Although CpG islands on active or inactive genes generally remain unmethylated in somatic cells, there is nothing inherently 'unmethylatable' about them, so how do they remain methylation free over many cell divisions? It is often suggested that they are somehow 'protected' from methylation, but they are readily accessible to exogenously added soluble DNA methylases. For example, the unmethylated CpG islands in p16, mutl homologue 1 (MLH1) or glucoseregulated protein 78 (GRP78; also known as HSPA5) can be rapidly and efficiently methylated in chromatin by SssI methylase, which methylates CpG sites [30] [31] [32] . This observation suggests that if there were free endogenous DNA methylases in the cell, many CpG islands would become de novo methylated with time. The fact that they do not suggests that the DNMTs in eukaryotic cells are not free; instead, they are sequestered with other nuclear components and compartmentalized to fulfil their specific functions in the nucleus.
Active demethylation could also be a potential mechanism for 'cleaning up' aberrant methylation that is inadvertently acquired during cell division. To date, there have been no clear demonstrations of demethylase enzymes 33 . However, the recent discovery of 5-hydroxymethylcytosine in mammalian DNA 34 and the demonstration that TET proteins can oxidize 5-methylcytosine to 5′-hydroxymethylcytosine 35 provide potential routes to the activation of demethylation. Nevertheless, it remains to be seen whether these pathways have roles in maintaining the methylationfree state or are potentially involved in gene activation.
However, when a CpG island does become methylated, it might present a particular challenge to the cell in terms of methylation maintenance because of the high density of methylated sites in comparison with the rest of the genome 28 . The profound asymmetry of the genome with respect to the distribution of CpG-rich and CpG-poor regions may therefore necessitate the existence of mechanisms in addition to DNMT1 for maintaining the high densities of 5-methylcytosines in methylated CpG islands. Close scrutiny of published genomic sequences of heavily (but not completely) methylated CpG islands shows that the patterns of methylation present on individual DNA molecules are mostly heterogeneous 7, 36 . Similarly, heterogeneous patterns of hemimethylated sites have been detected by hairpin PCR in the heavily methylated CpG island of fragile X mental retardation 1 (FMR1) in human lymphocytes, but the hypermethylated island of this gene remains methylated after many cell divisions 28 . These data do not support the idea that there is a strict copying of the pattern from parent DNA molecule to daughter molecule. Rather, they suggest that the methylation 'state' is being maintained by a mechanism that includes factors in addition to DNMT1.
Role of accessory proteins and chromatin
The original model for methylation maintenance (fIG. 1) was constructed without consideration of the fact that most DNA does not exist as a naked molecule in eukaryotes but is wrapped up in nucleosomes. Also, as mentioned above, DNMTs are apparently not available as soluble enzymes in the nucleus but are compartmentalized by interaction with nuclear components, such as nucleosomes 37 . Therefore, it is likely that chromatin structure and the enzymes that modify it will have an important impact on the maintenance of methylation. In other words, to ensure the correct maintenance of DNA methylation, it might be necessary to copy components of the chromatin structure in addition to 'reading' the DNA methylation mark.
Accessory proteins. The roles of the different DNMTs and several chromatin-associated proteins in directing and maintaining DNA methylation have been extensively studied by genetic approaches (TABLe 1) . Many knockout studies in germ cells and embryos have shown the central roles of DNMT3A, DNMT3B and DNMT3l in setting up patterns of methylation at specific and sometimes overlapping sequences and the severe phenotypic consequences of deleting these functions. Some examples of chromatin proteins, such as G9A, lymphocyte-specific helicase (lSH; also known as HEllS) and lysine-specific histone demethylase 1 (lSD1), are shown in TABLe 1, although the effects of the methylation of these proteins remain poorly understood. As mentioned above, DNMT1 can interact with PCNA and associate with the replication fork during DNA replication 15 . Immunofluorescence studies have confirmed that PCNA and DNMT1 colocalize at replication forks, and this model of PCNA bringing DNMT1 to the site of replication still receives considerable attention 2 , although it has been questioned by studies showing that disruption of the PCNA-DNMT interaction causes only small changes in methylation 38, 39 . Recently it has been shown that uHRF1 is also essential for maintaining DNA methylation in plant and mammalian cells [17] [18] [19] [20] . As uHRF1 preferentially binds to hemimethylated sites, DNMT1 might be recruited to DNA replication foci 18, 20 and to hemimethylated sites that are present in bulk DNA even after replication.
Chromatin context. Recent genome-wide studies have clearly shown that certain histone variants and histone tail modifications are refractory to or counter-distributed with DNA methylation 40 . For example, the histone variant H2A.Z, which is preferentially located at the start sites of genes, is counterdistributed with the distribution of DNA methylation 41 . likewise, trimethylation of lysine 4 on histone H3 is associated with active genes and is therefore also counterdistributed with DNA methylation 1 . Perhaps one of the most definitive biochemical demonstrations of the potential mechanisms for de novo methylation during germ cell
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Chromatin remodelling factor
A protein that has the capacity to remodel chromatin, often using the energy of ATP, so that gene transcription can be activated or silenced.
CpG island
A DNA sequence of at least 500 bp with a GC content greater than 55% and a higher CpG dinucleotide content than is average for the genome (that is, an observed/expected ratio of >0.65). These regions are typically undermethylated and are found upstream of many mammalian genes.
ICF syndrome
(Immunodeficiency, centromere instability and facial anomalies syndrome). A rare autosomal recessive disorder that is linked to mutations in the DNA methyltransferase 3B (DNMT3B) gene.
Imprinting
The differential expression of genes depending on whether they were inherited maternally or paternally.
Nucleosome
The basic unit of chromatin. A nucleosome contains approximately 146 bp of DNA wrapped around a histone octamer.
Polycomb complex
A complex of repressive chromatin proteins that maintain states of gene expression throughout development.
X chromosome inactivation
The process that occurs in female mammals by which gene expression from one of the pair of X chromosomes is downregulated to match the levels of gene expression from the single X chromosome that is present in males. The inactivation process involves a range of epigenetic mechanisms on the inactivated chromosome, including changes in DNA methylation and histone modifications. development came from the seminal work of Ooi et al. 42 , who showed that the DNMT3A variant DNMT3A2 and the non-catalytic DNMT3l, which are both expressed in germ cells, form a cage-like structure that can accommodate a nucleosome. This structure is possibly responsible for de novo methylation during development. A key observation was that the presence of mono-, di-or trimethylation of histone H3 at lysine 4 prevents the association of this complex with the nucleosome. This suggested that DNA in a nucleosome bearing specific histone modifications might be differentially susceptible to methylation and suggested how methylation patterns could be set up around genes but excluded from start sites that contain this active mark.
Several transcriptional silencingassociated chromatin marks or enzymes, such as enhancer of zeste homologue 2 (EZH2; a component of the EED-EZH2 polycomb complex) and G9A, have been suggested to recruit DNMT3A and DNMT3B to particular regions of DNA. There is good evidence that G9A recruits DNMT3A and DNMT3B 43, 44 , but the recruitment of DNMT1 and DNMT3A by EZH2 is not as well substantiated [45] [46] [47] . Several other repressive proteins, such as heterochromatin protein 1 (HP1) 48, 49 and histone deacetylase (HDAC) 50 , have also been suggested to have a role in recruiting DNMTs to particular regions of silent chromatin.
As DNA in a nucleosomal complex has been shown to be refractory to induced DNA methylation in vitro 51, 52 , nucleosomes might have to be moved or altered to allow methylation to occur. In this regard it is particularly interesting that the chromatin remodelling factor lSH has been found to be implicated in the establishment and maintenance of methylation patterns in developing mice 53 . The data presented above suggest that the maintenance of DNA methylation might be more complex than described by existing models. Therefore, we argue that some modifications of the existing models for maintenance methylation are necessary.
A revised model we propose an updated model for DNA methylation maintenance that takes account of the existing information and can provide a framework for future experimentation to define the mechanism of this key physiological and pathological process (fIG. 2) . The localization of DNMT1 to the replication fork, the interaction of DNMT3A and DNMT3B with nucleosomes that bear specific modifications and the cooperation of different methyltransferase enzymes are all needed for the maintenance of DNA methylation, especially at repeats and imprinted genes [6] [7] [8] . we propose that the DLK1, delta-like 1 homologue (Drosophila); DNMT, DNA methyltransferase; GTL2, gene trap locus 2; iAP, intracisternal type A particle element; LiNe-1, long interspersed element 1; Lsd1, lysine-specific histone demethylase 1; Lsh, lymphocyte-specific helicase (also known as Hells); rAsGrF1, ras protein-specific guanine nucleotide-releasing factor 1; siNe-B1, short interspersed element B1; Uhrf1, ubiquitin-like plant homeodomain and riNG finger domain-containing protein 1 (also known as NP95).
bulk of DNA methylation in dividing cells is indeed maintained by DNMT1 -the most abundant DNMT in the cell 54 -in conjunction with uHRF1. with its marked preference for hemimethylated sites, DNMT1 is ideally suited for the maintenance of most DNA methylation. In this sense, the enzyme fulfils the original hypotheses put forward in the classic papers of 1975 (fIG. 1) . It is important to emphasize that the main role of DNMT1 is in reading the DNA sequence and applying methyl groups opposite to newly replicated hemimethylated CpG sites. In other words, the enzyme 'reads' the modifications on the DNA without regard for the chromatin configuration in which that particular piece of DNA is located.
In addition to its action at the replication fork, there is some evidence that DNMT1 can perform error correction. In mouse ES cells that have DNMT1 as the sole known active DNMT, the tagging of newly replicated DNA with bromodeoxyuridine followed by methylation analysis shows that complete methylation of the CpG sites in the newly replicated DNA can be accomplished after the DNA has left the replication fork 7 . Similar conclusions were reached by Schermelleh et al. 39 using a different approach in mouse ES cells. Furthermore, in human cancer cell lines in which the PCNA binding site of DNMT1 has been disabled by genetic disruption, DNMT1 can complete the conversion of some of the hemimethylated sites into fully methylated sites as a function of time after the DNA has left the replication fork 38, 55 . uHRF1 might be involved in recruiting DNMT1 to hemimethylated sites away from the replication fork, but this has not yet been shown.
It seems possible that the high frequency of occurrence of 5-methylcytosines in methylated CpG islands and repeats might be a challenge for the maintenance process because of the rapid generation of hemimethylated sites during DNA synthesis. we argue that cooperativity among different DNMT enzymes might be required in mammalian cells to maintain DNA methylation of these densely methylated regions. Cooperativity might also be responsible for maintaining the methylation of repetitive elements, such as the long interspersed element 1 (lINE-1) and Alu elements 7 , which as mentioned previously have a high level of hemimethylation in ES cells that lack DNMT3A and DNMT3B. we propose that DNMT3A and DNMT3B are associated with specific regions of DNA that need to be maintained as highly methylated through recruitment to specific nucleosomal contexts. For example, G9A, which is associated with maintaining trimethylation of histone H3 at lysine 9 and is frequently found at repeats, might be responsible for recruiting DNMT3A and DNMT3B to complete methylation after the DNA has left the replication fork. Indeed, Schlesinger et al. 56 have shown that DNMT3A is associated with methylated CpG islands. we have confirmed their results with regards to CpG islands and additionally with regards to repeat elements 7, 37 . Our data also show the strong anchoring of both DNMT3A and DNMT3B but not DNMT1 to nucleosomes 37 , which presumably ensures their effective compartmentalization to methylated regions and does not allow for 'free' enzymes to be present in the nucleus.
The DNMT3 enzymes anchored to nucleosomes that contain methylated DNA 37 do not 'read' the methylation on the existing DNA sequence but are proposed to methylate sites that are missed by DNMT1 activity at the replication fork. In this sense the DNMT3 enzymes act in a similar way to prokaryotic enzymes that can maintain methylation without regard for whether sites are hemimethylated or completely unmethylated. If regions of DNA that are methylated remain associated with DNMT3A Nature Reviews | Genetics remain bound to chromatin in somatic cells, and in particular to nucleosomes that contain methylated cpG sites. b | When DNA replicates, the bulk of methylation copying is done by DNMT1, which is the predominant DNA methylase in the cell and is localized to the replication fork by proliferating cell nuclear antigen (PcNA), and possibly by ubiquitin-like plant homeodomain and riNG finger domaincontaining protein 1 (UHrF1). c | We propose that soon after DNA replication, DNMT3A and DNMT3B complete the methylation process and correct errors that are left by the DNMT1 enzyme. Because these enzymes are compartmentalized to the chromatin region containing methylated DNA, they do not 'read' the parental strand for DNA methylation patterns but rather methylate newly replicated cpG sites that are unmethylated 37 . in this way, the enzymes function similarly to other chromatinmodifying enzymes (such as enhancer of zeste homologue 2 (eZH2)), which are also localized to their product after methyl transfer. As described in the main text, DNMT3A and DNMT3B seem to be compartmentalized to cpG islands and repetitive elements, whereas DNMT1 maintains the majority of cell DNA methylation, which is located outside cpG islands. UHrF1 might help to locate sites that were missed during the replication process and might be responsible for the delayed methylation that is observed after the DNA has left the replication fork. and DNMT3B after replication, this would ensure that the methylation state of a region is maintained, rather than a specific methylation pattern. The evidence for maintenance of state rather than of an exact CpG-by-CpG pattern comes from the observation that most methylated CpG islands do not have consistent DNA methylation patterns across all molecules 7, 36 and that unmethylated sites in methylated CpG islands have a high probability of undergoing de novo methylation 28 . This is a key conceptual difference from the standard model of methylation maintenance; in our revised model, which is similar to that proposed by Riggs and Xiong 27 , the methylation state in general is being copied rather than the specific patterns of methylated sites.
The key to the supportive roles for DNMT3A and DNMT3B in DNA methylation maintenance is the continued association of the enzymes with their products after the enzymatic reaction has occurred. Indeed, there are several examples of chromatin-modifying enzymes that remain associated with their product -for example, EZH2 remains associated with histone H3 trimethylated at lysine 27 -which suggests that this mechanism is common and may be responsible for the inheritance of epigenetic states 57, 58 . The revised model lessens the earlier emphasis on de novo and maintenance DNMTs with non-overlapping functions. It emphasizes the need for continual cooperation between the DNMTs to maintain DNA methylation patterns after the DNA has left the replication fork. It also brings together the two separate pathways that have been suggested to be necessary for the inheritance of DNA methylation and histone modification patterns, respectively 59 .
Future perspectives
The initial description of the DNA helix immediately and famously gave insights into the probable mechanisms for genetic inheritance 60 . It has been far more difficult to decipher the mechanisms of epigenetic inheritance in somatic cells, and indeed there is still discussion as to what is encompassed by the term 'epigenetics' (Ref. 61) . we think that the model proposed here -in which inheritance results from a combination of DNMTs reading the methylated groups on the DNA 3, 4 and interpreting the chromatin states -provides an explanation for the current data on DNA methylation inheritance, and a similar model has been suggested for the propagation of other epigenetic marks 57 . unanswered questions include the biochemical mechanisms that are responsible for the compartmentalization of DNMT3s to nucleosomes and the proportion of methylation that is performed at the replication fork and immediately after this in the context of the reassembly of nucleosomes. The exact roles of chromatin modifications and accessory proteins also need to be deciphered. Thousands of publications have dealt with the mechanisms by which proofreading and repair of genetic information occurs during DNA replication, but with the current interest in epigenetics and epigenomics 62 , we argue that more attention should be paid to understanding the biochemistry of epigenetic inheritance in somatic cells. learning the details of how DNA methylation patterns are maintained will be crucial to understanding the structure of the human epigenome in normal and pathological conditions.
